Aims: To compare survival and late complications between patients treated with chemoradiotherapy and radiotherapy for locally advanced cervix cancer. Materials and methods: A Royal College of Radiologists' audit of patients treated with radiotherapy in UK cancer centres in 2001e2002. Survival, recurrence and late complications were assessed for patients grouped according to radical treatment received (radiotherapy, chemoradiotherapy, postoperative radiotherapy or chemoradiotherapy) and non-radical treatment. Late complication rates were assessed using the Franco-Italian glossary. Results: Data were analysed for 1243 patients from 42 UK centres. Overall 5-year survival was 56% (any radical treatment); 44% (radical radiotherapy); 55% (chemoradiotherapy) and 71% (surgery with postoperative radiotherapy). Overall survival at 5 years was 59% (stage IB), 44% (stage IIB) and 24% (stage IIIB) for women treated with radiotherapy, and 65% (stage IB), 61% (stage IIB) and 44% (stage IIIB) for those receiving chemoradiotherapy. Cox regression showed that survival was significantly better for patients receiving chemoradiotherapy (hazard ratio ¼ 0.77, 95% confidence interval 0.60e0.98; P ¼ 0.037) compared with those receiving radiotherapy taking age, stage, pelvic node involvement and treatment delay into account. The grade 3/4 late complication rate was 8% (radiotherapy) and 10% (chemoradiotherapy). Although complications continued to develop up to 7 years after treatment for those receiving chemoradiotherapy, there was no apparent increase in overall late complications compared with radiotherapy alone when other factors were taken into account (hazard ratio ¼ 0.94, 95% confidence interval 0.71e1.245; P ¼ 0.667). Discussion: The addition of chemotherapy to radiotherapy seems to have improved survival compared with radiotherapy alone for women treated in 2001e2002, without an apparent rise in late treatment complications.
Introduction
Since 1987 the incidence of cervical cancer in the UK has fallen from around 16 to about 8 per 100 000 [1] , mainly due to the successful screening campaign [2] . However, since 2000, incidence has largely plateaued. Cancer Registry data [1] showed around a third of women have locally advanced disease (tumours greater than stage I) at diagnosis. Such patients are more likely to be elderly or socio-economically deprived [3] .
In the UK, patients with International Federation of Gynecology and Obstetrics (FIGO) stage IIB to IVA tumours are treated by radiotherapy. However, during the last 10 years, selected patients have also received concomitant chemotherapy. This change in practice was largely due to an unprecedented recommendation made by the US National Cancer Institute [4] , as a result of five trials [5e9] showing a benefit of chemoradiotherapy in women with cervical cancer. A recent systematic review based on individual patient data from all relevant trials reported an absolute survival benefit of 6% at 5 years with chemoradiotherapy compared with the same radiotherapy alone [10] . Anecdotally this has been the experience of many UK clinical oncologists, albeit with some concern regarding an apparent increase in serious late effects [11e13] .
To assess the effect of chemotherapy given with radiotherapy on survival and late effects in practice, the Faculty of Oncology of The Royal College of Radiologists carried out a national audit of outcomes of patients treated in 2001e2002 using radiotherapy or chemoradiotherapy.
Materials and Methods
Clinical oncology audit leads or members of the Gynaecology Site Oriented e-Network of the Royal College of Radiologists from 56 National Health Service radiotherapy units and one private centre in the UK were requested to complete Snap-9 Professional web-based forms regarding all appropriate patients, either diagnosed or treated between 1 January 2001 and 31 December 2002.
Data Available
Data on patient and tumour characteristics, treatment and outcomes were collected from 9 January until 24 December 2008. This included late complications, based on the Franco-Italian glossary [14] , which had been used in a previous and similar national audit [15] .
Patients were grouped according to treatment received: radical radiotherapy (at least 40 Gy external beam radiotherapy plus brachytherapy or greater than 50 Gy external beam radiotherapy with no brachytherapy); radical chemoradiotherapy (radical radiotherapy plus any concurrent chemotherapy regimen); surgery plus postoperative radiotherapy or chemoradiotherapy (any radiotherapy or chemoradiotherapy given after any surgery provided the time from diagnosis to the start of external beam radiotherapy was 6 months or less), or non-radical radiotherapy (any radiotherapy or chemoradiotherapy that did not meet the definition of radical as outlined above). Patients with missing treatment or survival data; FIGO stage IVB disease; treated outside the audit time criteria; or receiving radiotherapy only on relapse (defined as greater than 6 months' delay between diagnosis and the start of external beam radiotherapy) were excluded from the analyses.
Definition of Outcomes
Overall survival was defined as the time from diagnosis (at initial biopsy) until death by any cause. Disease-specific survival was defined as the time from diagnosis until death from cervical cancer. Patients alive or with unknown date of death were censored on the date of last follow-up. Rates of local recurrence (confined to the pelvis) and distant metastases (any site) were also supplied for each patient. Crude overall (any grade) late complication rates were calculated from individual types and grades of late complication. For patients who experienced more than one type, the most severe grade was used. Patients with no complications or unknown date of complications were censored on the date of last follow-up. If the date of diagnosis was unknown, the start date of external beam radiotherapy was used to calculate survival time and time to late complications.
Analysis
KaplaneMeier survival estimates and associated standard errors were calculated at 3 and 5 years for each treatment group and also by stage for those receiving radical radiotherapy or chemoradiotherapy. KaplaneMeier estimates were also calculated for the time to late bladder and late bowel toxicity. No formal survival analyses were conducted for those receiving non-radical treatment, as treatment was probably with palliative (and not curative) intent. This was consistent with a previous national audit [15] .
The Cox proportional hazards model (overall survival) or logistic regression model (local recurrence and distant metastases) was used to assess whether treatment was independently prognostic for outcome when other factors were taken into account. Age, FIGO stage, pelvic node involvement, size of centre, time from diagnosis until first radiotherapy treatment, whether or not the patient received brachytherapy and brachytherapy dose rate were included in univariate analyses. Those variables that were found to be significantly prognostic for outcome (P < 0.05) were included in multivariate analyses together with treatment group. If there were missing data for any of these variables, patients were necessarily excluded from both the univariate and multivariate analyses, further limiting the power of these analyses.
The Cox proportional hazards model was also used to assess whether treatment was independently prognostic for late complications taking into account the same factors assessed for overall survival and additional treatmentrelated factors that may influence late complications (total dose, fraction size and number of fractions of external beam radiotherapy and duration of all radiotherapy). Variables found to be significantly prognostic in univariate analyses (P < 0.05) were included in multivariate analysis together with treatment group. Again, patients were excluded from the univariate and multivariate analyses where data on these variables were not available.
Results

Data Available
Data were supplied on 1412 patients from 42 centres (74%) across the UK; 33 in England, three in Scotland, two in Wales and one in Northern Ireland. Three centres supplied incorrect centre codes and could not be identified. The median number of patients reported per centre was 18 (interquartile range 13e30). In total, 169 patients (12%) were excluded from the analyses because of missing data (79); extrapelvic disease (47); treatment outside the audit timeframe (29); radiotherapy given on relapse (12); or because they were duplicates (2) . Data were therefore available for 1243 patients. As 168 received non-radical treatment, survival analyses are based on 1075 patients, with a median follow-up for living patients of 5.2 years. Table 1 shows the distribution of age, stage and nodal involvement of patients according to treatment group. The median age at the time of diagnosis ranged from 44 to 63 years. Notably, the median age of women in the radiotherapy group (63 years) was somewhat older than in both the chemoradiotherapy (48 years) and postoperative radiotherapy groups (44 years). Overall, most women had either stage II or III disease, but in the postoperative radiotherapy group, most women (68%) had stage I disease. Furthermore, in the chemoradiotherapy group, around twothirds of patients with stage I disease had stage Ib2, compared with less than one-third of the stage I patients in the other treatment groups. Most women in each treatment group had no pelvic lymph node involvement, but almost half of the women in the postoperative radiotherapy group (45%) had involved nodes. Table 2 shows that women mainly received three-or four-field external beam radiotherapy (40e50 Gy) and for the radical radiotherapy and chemoradiotherapy groups this was generally coupled with medium or high dose rate brachytherapy. Many women in the postoperative radiotherapy (57%) and non-radical radiotherapy (76%) groups received no brachytherapy. The median time from diagnosis to the start of external beam radiotherapy ranged from 38 days (radical chemoradiotherapy) to 71 days (postoperative radiotherapy), reflecting the obvious delay due to upfront surgery in these women. For women receiving chemoradiotherapy, the vast majority received weekly cisplatin at 40 mg/m 2 /cycle. The median number of cycles received per patient was five (range one to seven).
Patient Characteristics
Treatment Characteristics
Overall and Disease-specific Survival
Overall 5-year survival was 56% (median 6.2 years; standard error ¼ 0.31 years). Further analyses were conducted within patients grouped by treatment received. However, as this was not a randomised comparison, the effect of differential patient selection (and hence prognosis) is unclear. At 5 years, overall survival was 44% (standard error ¼ 2.9%) for radical radiotherapy; 55% (standard error ¼ 2.6%) for radical chemoradiotherapy and 71% (standard error ¼ 3.3%) for postoperative radiotherapy (Fig. 1a) . Disease-specific survival was 54% (standard error ¼ 3.2%) for radical radiotherapy; 59% (standard error ¼ 2.6%) for radical chemoradiotherapy and 76% (standard error ¼ 3.3%) for postoperative radiotherapy (Fig. 1b) .
For women receiving radical radiotherapy and chemoradiotherapy, overall and disease-specific survival are also presented by stage ( Fig. 2) . At 3 years, survival was 73% (standard error ¼ 6.3%), 53% (standard error ¼ 4.3%) and 44% (standard error ¼ 5.6%), respectively, for women with stage IB, IIB and IIIB disease receiving radical radiotherapy and 74% (standard error ¼ 6.5%), 71% (standard error ¼ 3.1%) and 51% (standard error ¼ 4.9%) for those receiving radical chemoradiotherapy. At 5 years, survival by stage was 59% (standard error ¼ 7.8%), 44% (standard error ¼ 4.5%) and 24% (standard error ¼ 5.0%), respectively, for those receiving radical radiotherapy and 65% (standard error ¼ 7.8%), 61% (standard error ¼ 3.6%) and 44% (standard error ¼ 5.1%) for those receiving radical chemoradiotherapy (Fig. 2a) . It should be noted that, in general, the results at 5 years are less reliable because of relatively low numbers of patients at risk. A similar pattern was observed for diseasespecific survival (Fig. 2b) . The Cox regression for overall survival included 831 patients (348 deaths) who received radical treatment and for whom complete information on all variables included in the model was available. Table 3 shows that overall survival decreased with increasing age, increasing tumour stage and presence of involved pelvic lymph nodes. Even when these prognostic factors were taken into account, overall survival was significantly better for those receiving surgery plus postoperative radiotherapy (hazard ratio ¼ 0.44, 95% confidence interval 0.31e0.63; P < 0.001) and for patients receiving radical chemoradiotherapy (hazard ratio ¼ 0.77, 95% confidence interval 0.60e0.98; P ¼ 0.037) compared with those receiving radical radiotherapy alone.
Local Recurrence Rates
Local recurrence (confined to the pelvis) was recorded for all patients. Table 4 shows that most of the women in each treatment group had no local recurrence, with crude rates of local recurrence in the region of 20% across all treatment groups. Logistic regression was based on 891 patients (162 recurrences) who received radical treatment and for whom complete information was available. Table 5 shows that the risk of local recurrence was greater with increasing stage and involved pelvic nodes increased, but treatment received had no independent effect.
Distant Metastases Rates
Distant metastases status was available for all except 31 patients across the four treatment groups. Again, the vast majority of women did not experience any metastases, with the crude rate of metastases across all treatment groups in the region of 20% ( (where specified) included the lymph nodes, lung, liver and bone. As there were more patients with unknown distant recurrence status, logistic regression was based on 780 patients (168 metastases) who received radical treatment and for whom complete information was available. Table 5 shows that involved pelvic lymph nodes, smaller centre size (lower numbers of patients treated per year) and high dose rate brachytherapy (compared with no brachytherapy) increased the risk of metastases. However, there was no apparent independent effect of treatment received.
Patients at Risk
Late Toxicity
The crude late complication rates were broadly similar across all treatment groups (Table 4) . Ten deaths were attributed to late complications overall. However, none was recorded in the radical radiotherapy group. The major sites of serious (i.e. grade 3e4) late toxicity were the vagina, bowel and bladder (Table 4) . For the chemoradiotherapy and radiotherapy groups, the most common site of serious late complications was the vagina (5% and 4%, respectively) compared with only 1% of patients in the postoperative radiotherapy group. Three years after treatment, almost all of the bowel and bladder toxicity had occurred in the radiotherapy group, in contrast with the chemoradiotherapy group, where only around half of the bowel toxicity and around 60% of bladder toxicity had occurred ( Fig. 3a and b) .
The Cox regression of overall late complications was based on 711 patients (369 events) who received radical treatment and for whom complete information was available. (Table 6) shows that late toxicity increased with age and decreased with increasing centre size. Stage, pelvic nodal involvement and the other treatment-related factors assessed did not independently affect late toxicity.
Discussion
This Royal College of Radiologists' audit shows that for patients with cervical cancer treated with curative intent in 2001e2002, the 5-year survival was 56%. Predictably, the multivariate analysis showed that stage, age and presence of pelvic lymph node metastases were the variables that affected survival. The use of chemoradiotherapy also seemed to be a significant factor in improved survival compared with radical radiotherapy, with a hazard ratio of 0.77 (P ¼ 0.037), suggesting that better survival in the chemoradiotherapy group was not wholly due to patient selection. This is also in line with results of a recent systematic review of individual patient data [10] comparing chemoradiotherapy against radiotherapy (hazard ratio ¼ 0.81). Furthermore, although chemoradiotherapy seemed to improve survival for patients with stage IIB and IIIB disease compared with those receiving radiotherapy, there seemed to be little effect in women with stage IB disease. However, this may be due to the higher proportion of stage IB2 tumours in the chemoradiotherapy group. The multivariate analysis also showed a significant improvement in survival for those patients receiving postoperative radiotherapy compared with those receiving radical radiotherapy (hazard ratio ¼ 0.44, P < 0.001) with 71% survival at 5 years. This large improvement may be explained by selection of the best prognosis patients for surgery.
The only independent prognostic factors observed for local recurrence were stage and involved pelvic nodes, and for distant metastases, size of centre, involved pelvic nodes and high dose rate brachytherapy. The effect of brachytherapy dose rates might simply be reflecting that only the best prognosis or lowest risk patients do not receive brachytherapy, but the suggestion that local recurrence and distant metastases are unaffected by the treatment received is surprising, given the improvement in both local and distant recurrence with chemoradiotherapy noted in a recent systematic review [10] and the effect on survival seen in this audit. However, local and distant recurrence rates in the audit were around 20% compared with rates in the region of 40e50% in the systematic review [10] and with FIGO data [16] . Although it is not clear if this is due to underreporting or for other reasons, it does mean that there are about 50% fewer events available for the multivariate analyses of recurrence than for survival. Furthermore, as the dates of recurrence were not collected, we could only examine the effect of different factors on the rates of recurrence and not the time to recurrence. Both of these differences may have limited the power and sensitivity of our multivariate analyses to reliably detect anything other than the strongest predictors of recurrence and, therefore, these results should be viewed with some caution. The increase in survival with chemoradiotherapy seems to be achieved with no apparent increase in overall late toxicity, although there may again be an issue with power. There were six deaths attributed to late complications in the chemoradiotherapy group, including four due to late bowel complications, and none in the radiotherapy group. The bowel may be infiltrated and fixed by the tumour predisposing it to perforation during or after radiotherapy. This may be exacerbated in the chemoradiotherapy patients, where there is a greater response to treatment. Alternatively, there may be an additive effect of the chemotherapy on the vasculature of the bowel. The most common site of serious late complications was the vagina. If the vagina is heavily involved with tumour, as is often the case with advanced disease, healing will be with fibrosis leading to stenosis. The incidence of serious late complications in the postoperative group was less than expected, possibly reflecting the fact that only 44% of this group received brachytherapy. Although almost half the patients included in the audit had some degree of toxicity, data rely on patient records, where only the recording of serious morbidity has been found to be reliable [17] . It is therefore possible that grade 1e2 late complications are under-represented [18] . Interestingly, these results seem to suggest reduced levels of late complications (and metastases) in the larger radiotherapy centres. Our exploratory analyses (data not shown) seem to support the current guidance of the Royal College of Radiologists that centres should aim to treat at least 50 patients with gynaecological malignancies per year using brachytherapy.
The time frame of treatment and diagnosis for this audit should provide sufficient follow-up to allow for the development of any late complications, and there does seem to be a difference in the time to development of late complications between the treatment groups. In the radiotherapy group, the vast majority of late bowel and bladder complications occurred within the first 3 years after treatment.
However, in the chemoradiotherapy group, complications seem to still be developing up to 7 years after treatment. Few of the randomised trials have reported late treatment complications after chemoradiotherapy and indeed a recent systematic review of individual patient data from all randomised trials [10] could not formally assess the effect of treatment on late toxicity due to the lack of data available.
Using UK Cancer Registry data, we estimate 1800e2000 eligible cases of cervical cancer during the audit timeframe. We obtained data for 1412 women, consistent with threequarters of all centres having participated. However, around 12% of these were excluded from all of the analyses, with up to an additional 364 patients being excluded from the multivariate analyses, due to missing outcome or baseline data. Clearly, we cannot be certain how exclusion of these patients or those from centres not participating in the audit might affect these results, but certainly their omission may introduce bias. Probably the best yardstick to judge these results is the national audit of patients treated in 1993 by radiotherapy [15] , where the 5-year survival for all patients was 47%. Thus, in the 8 years between these two audits, there has been a potential 9% improvement in 5-year survival. Overall survival during this period also seems to have improved for patients with locally advanced disease, particularly those receiving chemoradiotherapy. In 2001e2002, radiotherapy or chemoradiotherapy would have been the preferred treatment for most women, except those eligible for radical surgery, with extrapelvic spread (stage IVB), the very frail or elderly. However, practice was changing at that time. Although some centres had begun to use chemoradiotherapy, many were still using radiotherapy alone, largely because it could be given in the outpatient setting. Survival for stage IIIB was 23% in 1993 compared with 44% for those receiving chemoradiotherapy in 2001e2002.
Similarly, 5-year survival for stage IIB disease was 47% in 1993 compared with 63% after chemoradiotherapy in 2001e2002. However, comparisons of survival between 1993 and 2001e2002 should be interpreted with caution due to somewhat limited data at 5 years. Also, since 1993, more sophisticated radiology, including computed tomography and magnetic resonance imaging scanning, has resulted in improved diagnosis of stage IVB disease, resulting in more of the poorest prognosis patients being excluded from the current audit. The patient groups within the two audit series also differ. For example, women treated with chemoradiotherapy or postoperative radiotherapy in 2001e2002 were younger, and those receiving radiotherapy were older at the time of diagnosis than those in the 1993 series. (3) 213 (17) 163 (6) 138 (6) 164 (11) 391 (42) 293 ( The sponsor had no other involvement in the study design; collection, analysis and interpretation of data or in the decision to submit this paper for publication. 
